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4. zapE deletion strain through λ-red recombinase

1. Abstract
During bacterial cell division, a large, dynamic cytoskeletal structure called
the Z-ring assembles at the site of division. The Z-ring is comprised of the
major cell division protein FtsZ, a tubulin-like GTPase that utilizes GTP to
assemble into linear polymers. In Escherichia coli, there are several cell
division proteins that interact with FtsZ and regulate Z-ring assembly,
constriction, and disassembly. The accessory proteins that interact with
FtsZ are called Z-ring associated proteins (ZAPs). The Zaps which include
ZapA, ZapB, ZapC, ZapD and ZapE are recruited to the divisome and
influence Z-ring assembly and stability. Specifically, ZapE was identified to
be an ATPase present in Gram-negative bacteria including E. coli and
accumulates during late constriction of the Z-ring. ZapE is important for
bacterial growth under high temperatures and low-oxygen conditions.
(Marteyn, et al., 2014, mBio). In vitro, ZapE destabilizes FtsZ polymers
suggesting that it may promote Z-ring disassembly in vivo. To analyze
ZapE function in vivo, we compared viability of strains deleted for zapE and
minC under stressful conditions of high temperature, low salt, and
anaerobiosis. MinC is an essential cell division protein involved in
regulating assembly of the Z-ring. This assay will be used in future studies
to identify mutations in zapE that lead to loss of function in vivo. To further
evaluate ZapE function, we also amplified zapE for cloning into a high-copy
inducible expression vector and attached a N-terminal histidine tag for
subsequent purification by metal affinity chromatography. ZapE will be
purified and examined for ATP hydrolysis and disassembly of FtsZ
polymers in vitro. These studies will help us to further understand the
functional role and biochemical activity of ZapE during cell division.
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Restriction enzymes
• Enzymes that cleave DNA at specific restriction sites.
• HindIII and NdeI do not cut within the N-Histidine Tagged ZapE
insert

MinC/ZapE
double
deletion
strain

• ΔzapE strain was constructed through pkD46 λ-red recombinase
plasmid using a kan cassette that also contained the gyrase
inhibitor parE under the control of a rhamnose-inducible promoter

Conditions
• High temperature, no salt, micro-aerobic
• Standardize to 0.05 OD600 in 1.5mL no salt LB
• 44°C heat block for 3 hours
• 20μL culture transfer into 80μL LB, no salt
• 5μL plated
• 42°C incubator overnight
Results
• ZapE deletion alone is sufficient for phenotypic screen to
identify residues important for zapE function

• Plate on Kanamycin
• Growth indicates successful ZapE deletion

5. ZapE is filamentous under anaerobic conditions
aerobic

2. Z-ring is a protein superstructure involved in cell
division

8. Half-Log Viability Assay, ΔzapE, ΔminC,
ΔzapEΔminC
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• We deleted zapE from E.
coli MG1655

12. N-terminal histidine tag ZapE cloning protocol
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9. Development of an in vivo screen to identify
residues important for ZapE function

• zapE gene deletion
under aerobic conditions
shows no representative
growth defect

ΔzapE

ΔzapE

• Error-prone PCR mutagenesis of zapE and insertion into
the chromosome

• However, results show a
filamentous phenotype
under anaerobiosis as
previously observed
(Marteyn, et al., 2014,
mBio)
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6. The Min System

3. Z-ring-Associated Proteins (Zaps)

p2

Z-ring assembly near the poles
is prevented by MinCDE
oscillating from pole-to-pole
• This protein complex restricts
FtsZ assembly to the mid-cell
MinC is recruited to the
phospholipid membrane by
MinD
• MinC interacts directly with
FtsZ and inhibits
polymerization

parE

• Perform error-prone PCR of zapE to introduce mutations
• λ-red mediated integration of a mutagenized zapE into
ΔzapE::parE-kan and selection on rhamnose1
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Construct provided by Barry Wanner (J. Teramoto, K. A. Datsenko, and B. L.
Wanner; unpublished results)

•
•

Overnight cultures with Kanamycin at •
37°C and 250 rpm
Spun at 3,000rpm for 5 minutes for
pellet formation
Extracted plasmid from pellets using
Plasmid Extraction kit
Quantified nucleic acid concentration •
•

Digest

Digest
•
•

Amplified zapE using FWD and REV primers,
HiFi PCR supermix, native template DNA and
distilled water through the Polymerase Chain
Reaction(PCR)
• Denatured, annealed, and extended
throughout 35 cycles in a Thermal Cycler
Extracted DNA using PCR Purification kit
Quantified nucleic acid concentration

Digested plasmid using HindIII
and NdeI enzymes, CutSmart
Buffer
Shaking heat block for 4 hours,
37°C

•
•

Digested using HindIII and NdeI, CutSmart
Buffer and distilled water in a 50μL
reaction
Shaking heat block for 4 hours, 37°C

Gel Electrophoresis
Undigested
plasmid
(control)

80V for 45 minutes

1kB DNA
ladder

Insert

Plasmid

10. pET-28a(+) Vector

MinD
MinE

Extraction, Ligation, and Transformation
• Dissolved gel slices and extracted DNA
• Performed overnight ligation at 16°C with DNA ligase and DNA
ligase buffer
• Performed transformation with XL Blue competent cells and
plated on Kanamycin
• Unsuccessful transformants

7. E. coli deletion strains

Z-ring associated proteins interact with FtsZ
• ZapA – Interacts directly with FtsZ, localizes to the midcell, and
may stabilize FtsZ polymers during cell division (Huang, et al., J
Bact, 2013)

• MG1655 was used as the
wild type and control

• ZapB – FtsZ stabilizer recruited by ZapA that localizes to the
midcell; ZapA and ZapB interact with the chromosome via MatP
(Espeli, et al., 2012)

• ZapE – ATPase with a putative AAA+ domain that accumulates
during late constriction and promotes FtsZ disassembly. ZapE is
important for bacterial growth under high temperatures and
anaerobic conditions (Marteyn, et al., 2014)

•

N-terminal his tag ZapE insert

1kB DNA
ladder

MinC

Zaps

• ZapC and ZapD – FtsZ stabilizers that localize to the midcell.
They are recruited by FtsZ, but are not associated with late
stage cell division process (Huang, et al., J Bact, 2013)
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• Deletion of zapE in a
minC- strain enhances
the filamentous
phenotype
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13. Conclusions & future directions

• Deletion of minC
produces short filaments
along with mini cells

• Conditions: LB, 30°C, 4
hours, 250rpm

• ZapE functional and biochemical analysis will continue
• Further attempts to clone ZapE into the pET-28a(+)
vector and subsequent protein purification
• Further investigation into ZapE interaction with FtsZ,
and inhibition of polymerization
• A high-copy inducible expression vector allowing efficient
overexpression of protein, ZapE.
• T7 promoter
• N-terminal his tag
• Kanamycin resistance
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